This paper presents a set of basic components which constitutes the experimental setting intended for the evaluation of interactive information retrieval (IIR) systems, the aim of which is to facilitate evaluation of IIR systems in a way which is as close as possible to realistic IR processes. The experimental setting consists of three components: (1) the involvement of potential users as test persons; (2) the application of dynamic and individual information needs; and (3) the use of multidimensional and dynamic relevance judgements. Hidden under the information need component is the essential central sub-component, the simulated work task situation, the tool that triggers the (simulated) dynamic information needs. This paper also reports on the empirical findings of the metaevaluation of the application of this sub-component, the purpose of which is to discover whether the application of simulated work task situations to future evaluation of IIR systems can be recommended. Investigations are carried out to determine whether any search behavioural differences exist between test persons' treatment of their own real information needs versus simulated information needs. The hypothesis is that if no difference exists one can correctly substitute real information needs with simulated information needs through the application of simulated work task situations.
This paper presents a set of basic components which constitutes the experimental setting intended for the evaluation of interactive information retrieval (IIR) systems, the aim of which is to facilitate evaluation of IIR systems in a way which is as close as possible to realistic IR processes. The experimental setting consists of three components: (1) the involvement of potential users as test persons; (2) the application of dynamic and individual information needs; and (3) the use of multidimensional and dynamic relevance judgements. Hidden under the information need component is the essential central sub-component, the simulated work task situation, the tool that triggers the (simulated) dynamic information needs.
This paper also reports on the empirical findings of the metaevaluation of the application of this sub-component, the purpose of which is to discover whether the application of simulated work task situations to future evaluation of IIR systems can be recommended. Investigations are carried out to determine whether any search behavioural differences exist between test persons' treatment of their own real information needs versus simulated information needs. The hypothesis is that if no difference exists one can correctly substitute real information needs with simulated information needs through the application of simulated work task situations.
The empirical results of the meta-evaluation provide positive evidence for the application of simulated work task situations to the evaluation of IIR systems. The results also indicate that tailoring work task situations to the group of test persons is important in motivating them. Furthermore, the results of the evaluation show that different versions of semantic openness of the simulated situations make no difference to the test persons' search treatment. 1 . INTRODUCTION 
The three revolutions
This paper presents a set of basic components which constitutes the experimental setting intended for the evaluation of interactive information retrieval (IIR) systems. The development of the reported experimental setting is the result of an increasing demand for hybrid evaluation approaches which combine two main approaches to the evaluation of interactive information retrieval systems, the system-driven and the cognitive user-centred approaches. The increasing demand is due to what Robertson and Hancock-Beaulieu [1, pp. 458-459] refer to as the: The relevance revolution indicates an increasing acceptance of the fact that a stated request is not the same as an information need and therefore relevance should be judged in relation to the need rather than the request [1] . In addition, there is a growing recognition of the multidimensionality and dynamic nature of the concept of relevance [2, 3] . The multidimensionality of relevance is empirically documented, for instance, by the types of relevance categories analysed and organised by Cuadra and Katter [4] or Saracevic [5] as well as by the categories and levels of relevance listed by Barry [6] . Findings by Schamber [7] , resulting in a list of eighty factors that influence the users' relevance judgements, imply that the concept of relevance consists of many facets and therefore should not be treated as binary variables (relevant/not relevant). The dynamic nature of relevance was indicated by Bruce [8] and has recently been empirically verified by Spink and colleagues who found that users' relevance criteria changed over session time [9] .
The cognitive revolution is an extension of the process of relevance judgement in which the information need is viewed as a reflection of an anomalous state of knowledge (ASK) [10] on the part of the requester [1] . This refers to how an information need is perceived and acknowledged as a dynamic as well as an individual concept. This means that an information need, from the users' perspective, is a personal and individual perception of a given information requirement [11] , and that an information need for the same user can change over time [9, 12, 13] .
The third and final revolution, the interactive revolution, points to the fact that IR systems have become more interactive and consequently cannot be evaluated without including the interactive seeking and retrieval processes [1] .
The experimental setting
The aim of the proposed experimental setting is to facilitate evaluation of IIR systems in a way which is as close as possible to actual information seeking and IR processes, though still in a relatively controlled evaluation environment. The experimental setting 1 consists of three basic components: (1) the involvement of potential users as test persons; (2) the application of dynamic and individual information needs (real and simulated information needs); and (3) the employment of multidimensional and dynamic relevance judgements. The application of the proposed experimental components satisfies the increasing demands for hybrid evaluation approaches by taking into account the relevance, the cognitive and the interactive revolutions. The relevance revolution is taken into account by having relevance judged in relation to the need -and in addition, in relation to the underlying situation of the need. Furthermore, the concept of relevance is treated in a way appropriate to its dynamic and multidimensional nature by being assessed interactively in a non-binary way. The cognitive revolution concerning the individual and dynamic nature of information needs is taken into account by allowing end-users to work with personal and individual information need interpretations of both their own and simulated information needs. The test persons' need interpretations are allowed to develop and mature over session time for the same test person, a dynamic nature which is proved to be strongly connected to the process of assessing relevance [14] . The interactive revolution is incorporated into the experimental setting by having the test persons work with personal information need interpretations which they try to satisfy through information seeking and retrieval processes by use of query modification and relevance feedback mechanisms.
However, hidden from the reader is the essential core sub-component, the tool that triggers the dynamic information needs, the simulated work task situation. A simulated work task situation is a short 'cover-story' which describes an IR requiring situation, i.e. a semantically rather open description of the context/scenario of a given work task situation. It is of major importance to the proposed evaluation setting to gain knowledge about the functionality as well as about the consequences of the application of the sub-component, the simulated work task situation. A meta-evaluation is carried out in order to investigate the strengths and weaknesses of this sub-component. This meta-evaluation, i.e. the evaluation of the experimental components, was undertaken using twenty-four test persons, who each carried out searches based on one personal information need and four simulated information needs, plus a training task. The test setting was a full-text online system applying parts of the Text REtrieval Conferences (TREC) data collection (the newspapers: the Herald and the Financial Times). The empirical data were collected through transaction logs of the test persons' search activities as well as through pre-and post-search interviews with the test persons.
The structure of the paper
The paper is structured as follows: Section two provides a brief overview of the characteristics of the two main approaches to evaluation of IR systems and concludes with the ideal conditions for the evaluation of IIR systems. Section three presents TREC as an example of a current forum for IR evaluation, and compares the experimental conditions of Interactive TREC to the ideal conditions for evaluation of IIR systems, outlined in the previous section. Section four presents the components of the experimental setting and the underlying assumptions. The fifth section outlines the experimental test setting of the meta-evaluation and reports on the empirical results concerning differences between the two main types of information needs, the real information needs versus the simulated information needs. The final section summarises the major points and results presented in the paper.
BACKGROUND AND OVERVIEW
The tradition of IR evaluation was established by the Cranfield experiments [15] , followed by the results and experience gained from the Medlars investigation [16] and the various SMART projects [17] , and is today succeeded by the ongoing and very normative TREC experiments [18] [19] [20] [21] [22] [23] . Evaluation issues have become central and interconnected with research and development in IR.
A common feature of these experiments is the system-driven approach to IR evaluation, defined as the retrieval mechanism and databases of information objects, the aim of which is to judge the effectiveness of a given system's retrieval performance. This takes place in a laboratory setting based on the principle of test collections (i.e. a document collection, a set of queries and a set of independent relevance judgements). This type of experiment is often referred to as a 'blackbox experiment' because it is about observing inputs and outputs, and measuring the outcome [1] . In this approach queries are assumed to be identical to static information needs, and relevance judgements are assumed to be objectively based on the relevance of the document to the query, and can therefore be made by any knowledgeable person [24] .
As opposed to the system-driven approach, the cognitive user-centred approach defines the system much more broadly, viewing seeking and retrieval processes as a whole. The main purpose of this type of evaluation is to determine how well the user, the retrieval mechanism and the database interact in extracting information, under real-life operational conditions. In this approach the relevance judgements have to be made by the original user in relation to his or her personal information need which can always change over session time. The assumption is that the relevance judgements represent the value of the documents for a particular user at a particular moment, hence they can only be made by the user at that time.
The core of the discussion between the two major approaches to the evaluation of IR systems, the system-driven approach versus the cognitive approach, has been clearly summarised by Robertson and Hancock-Beaulieu [1, p. 460]: 'The conflict between laboratory and operational experiments is essentially a conflict between, on the one hand, control over experimental variables, observability, and repeatability, and on the other hand, realism'.
No matter which approach is taken, the purpose of IR evaluation is twofold, i.e. to determine: (1) how well the system satisfies the information needs of actual and potential users; and (2) how to improve the information retrieval process, both at a particular installation level and at a more general level.
The ideal IIR setting
Evaluation of IIR systems constitutes a specific type of evaluation. IIR systems are by definition broader in scope than traditional IR systems. Because they incorporate interface functionalities as well as communicative behaviour by users, IIR systems are defined just as broadly as in the user-centred approach, and the focus of the evaluation is similarly wider than in non-interactive IR. The foci of IIR evaluation include all the user's activities of interaction with the retrieval and feedback mechanisms, as well as the retrieval outcome itself. IIR systems are those where the user dynamically conducts searching tasks and correspondingly reacts to systems responses over session time.
The overall purpose of the evaluation of IIR systems is to take into account the dynamic nature of information needs and relevance and reflect the interactive information seeking and retrieval processes. Ideally, this evaluation approach necessarily has to make use of real users as test persons who state personal need interpretations to the system and judge the relevance of the retrieved documents, under controlled circumstances. If this is not carried out under controlled circumstances one cannot compare the search results across the systems and/or system components as well as across the group of test persons.
TREC AND THE INTERACTIVE TRACK
The annual Text REtrieval Conference (TREC) is the most influential of current IR experiments, partly due to the large number of participating sites 2 , and partly because of the many specific tracks, including an interactive track 3 . The objective of the TREC experiments is to evaluate the performance of IR systems, measured by recall and precision [18] .
TREC's first interactive experiments were carried out in TREC-3 [20] . From TREC-4 a formal track of Interactive TREC was established [21] . The main objective of Interactive TREC is to develop better methodologies for the evaluation of IIR systems [22] . The experimental conditions for Interactive TREC are different from the ideal conditions for IIR evaluation described in Section 2.1 as Interactive TREC is executed predominantly under system-driven conditions using the system-driven evaluation approach applied in the main TREC.
The system-driven conditions create problems when attempting to simulate interactive searching and to reflect real-life IR processes. For instance, Interactive TREC does not deal with information needs but with pre-constructed information requests. The use of requests (in the TREC terminology referred to as topics) is not ideal for interactive evaluation because they are too static, limited and unrealistic in their design. This does not allow the test persons to develop personal interpretations of the information needs, which might dynamically mature over session time, but only to carry out modifications of requests/queries. Nor can they assess relevance in relation to the information need and the underlying situation of the need because no scenario or context is given -only directions as to what to search for. The consequence of using requests is that they turn the test person into a search intermediary instead of an end-user. In other words, something as simple as the use of a collection of requests very much constrains the role of the human searcher, and may consequently bias the results of the interactive evaluation -unless the system under investigation is evaluated from the viewpoint of search intermediaries.
Because the Interactive TREC experiments are based on the system-driven approach, which itself involves no system interaction, problems have, for instance, been experienced with basic rules about using the system to help in refining a search, and with definitions for manipulating query sets [25] . In Interactive TREC the test person makes the relevance judgements during the session in a binary way (relevant/non-relevant) according to the degree of perceived topical relevance. The official (independent) relevance assessments of the request creators thus function as the baseline for the calculation of the final performance results. 'User'-based relevance judgements have revealed that these can be made for different purposes and to meet different criteria [25] . It can also happen that the test persons judge documents relevant which have not been so judged by the official assessors [22] . Yet no experimental changes have been made to incorporate these experiences with relevance assessments. In effect, the experiments have revealed results which disprove the evaluation setting itself.
The experimental design of Interactive TREC is thus not well suited to the evaluation of IIR systems. The experimental conditions constrain the role of the human searcher, with the result that interactive systems are not being evaluated within their own framework, but rather on the basis of the conditions for noninteractive IR systems. The need for an approach to the evaluation of IIR systems is hence clearly illustrated by Interactive TREC. It is summarised by Beaulieu, Robertson and Rasmussen, who in addition emphasise the message of the work reported on in this paper: 'In particular there is a need to simulate a realistic interactive searching task within a laboratory environment' [26, p. 85 ].
THE SIMULATED WORK TASK BASED APPROACH TO THE EVALUATION OF IIR SYSTEMS
The aim of the present work is to meet the existing demand for hybrid evaluation approaches to the evaluation of IIR systems. We try to do this by bridging the two main approaches to IR evaluation, the system-driven and cognitively user-centred approaches. As summarised by Robertson and Hancock-Beaulieu [1, p. 460 ] the main conflict between the two approaches is the matter of experimental control versus realism. The proposed experimental evaluation setting seeks to account for the issues of experimental control and realism. It consists of three basic components: The issues of both experimental control and realism are ensured by the application of the three basic components. The issue of realism is more obvious than that of experimental control because the latter is hidden under the second component -'the application of dynamic and individual information needs' -where we find the concept of the 'simulated work task situation' [14] , the tool that triggers the simulated information needs. A simulated work task situation is a short 'cover story' that describes an IR requiring situation and provides experimental control by being the same for all the test persons. Due to this control one can compare the search results across the systems and/or system components as well as across the group of test persons. As in real life, the simulated work task situation is to be seen as the cause of the 'breakdown situation', a cognitive state which creates an information need which has to be satisfied in order for the user to be able to deal with the situation and move on. The issue of realism is also ensured by the involvement of test persons (potential users) who, based on the work task provided, develop individual and subjective information needs. Individually, the test persons interactively search, modify and dynamically assess the relevance of the retrieved information objects in relation to their information needs and the underlying simulated work task situation. Furthermore, the involvement of potential end-users as test persons provides an option of applying real information needs 4 in the experiment. The application of real information needs serves a twofold purpose: (1) they act as the baseline (or control group in the sense of a classic experiment) against the simulated information needs, both at a specific test person level and at a more general level; and (2) they provide information about the systems' effect on real information needs.
The rationale for the involvement of real end-users, including the application of test persons' real information needs has already been pointed out with respect to the issue of experimental realism. The following sub-sections briefly outline the rationale and the underlying assumptions of the additional (sub-)components, that is: (1) the application of simulated information needs (triggered by the application of simulated work task situations); and (2) the use of dynamic and multidimensional relevance judgements.
The simulated work task situation
This sub-component is a core element of the proposed experimental setting. A simulated work task situation is a semantically rather open description of the scenario and context of a given work task situation. Based on the scenario the test person formulates the search statement to the system. The simulated work task situation serves two main functions: (1) it triggers and develops a simulated information need by allowing for user interpretations of the situation, leading to cognitively individual information need interpretations as in real life; and (2) it is the platform against which situational relevance is measured [14, pp. 227-228] . With reference to the process of the need development, the simulated work task situation more specifically helps to describe to the test persons the source of the information need, the environment of the situation and the problem which has to be solved; and also serves to make the test person understand the objective of the search [14, p. 229] .
In our setting the simulated work task situation is a stable concept, i.e. the given reason for the indicative request, which makes experimental control possible by providing comparative cognitive and performance data in relation to simulated information needs for the same data collection, ideally across different IR techniques, but at least for one single technique [14, p. 228] . The degree of semantic openness of the simulated work task situation determines the range of interpretations by the test persons. When presented at the start of an experiment the work task situation is supposed to be perceived as realistically as possible by the test persons. This condition entails the sharing of the universe in a cognitive sense by scenarios, test collections and test persons. See Figure 1 for an example of a simulated situation/simulated work task situation.
Simulated situation is the name of the overall frame of the simulated work task situation, including an indicative request. The indicative request is a suggestion to the test person about what to search for. It is not to be seen as an example of the underlying need of the particular simulated work task situation. Results from a feasibility study of the proposed components' functionality revealed that the test persons' search statements were generated mainly by the simulated work task situation, and less by the very specific indicative requests suggested in each simulated situation [14, p. 244] . This means that the indicative requests were not biasing the search formulations and the subsequent search results.
Three applicable variants exist of this particular experimental sub-component: (1) the application of the complete information need situation, i.e. the simulated work task situation and the indicative request; (2) the exclusion of the indicative request, whereby the entire simulated situation becomes more semantically open and thus less controllable; and finally (3) the application of the indicative request only, which makes this variant equivalent to settings of traditional IR evaluation. The first and second variants were applied in the meta-evaluation of this component and are referred to as sim-1 and sim-2 respectively.
The general application of the simulated work task situation also finds support in the analytical literature. The literature [e.g. 10, 27-31] describing the theories of the formation of information needs agrees that the need formation is a situationdriven phenomenon. Although named differently (anomaly, incompleteness, inadequacy, information gap, etc.) the situation is associated with a cognitive development internal to the user, but influenced by an external situation. The analytical concept of the information need formation is supported by several empirical works, such as the protocol analyses performed by Belkin [32] and Ingwersen [33] , as well as Saracevic, Mokros and Su's [34] study on the nature of online search interaction between users and intermediaries. Also Su's [35] study of types of relevance assessments, demonstrated by comments from the users, supports this concept of the information need formation.
Multidimensional and dynamic relevance judgements
The relevance revolution is taken into account by having relevance judged in relation to the need -and in addition, in relation to the underlying situation of the need, by the application of situational relevance. Furthermore, the concept of relevance is treated in a way appropriate to its dynamic and multidimensional nature by being assessed interactively in a non-binary way. Indicative request: Find for instance something about future employment trends in industry, i.e. areas of growth and decline.
Non-binary relevance judgements
As a result of the relevance revolution [1] we propose to apply non-binary relevance judgements to the evaluation of IIR systems. The application of partial relevance assessments is based on the assumption that: 'It is likely that the concepts of relevance will need to encompass "relative" as well as "partial", i.e. non-binary, assessments, differentiated into situational "usefulness" or "utility" or "topicality" … ' [36, p. 230 ]. This means that the variety of relevance assessment categories can be viewed as dimensions of information needs. During an interactive retrieval process the importance of the dimensions may shift radically, changing the focus of the information need as well as the criteria for the relevance judgement. These criteria concern not only aspects of the 'topic' in question but also other features of the need and the retrieved information objects such as bibliographic elements like authors or publishers. The shift of importance leading to changes of the information need as well as of the relevance criteria was indicated by Bruce [8] and has recently been confirmed by Spink and colleagues [9] . The findings by Spink, Greisdorf and Bateman [9, p. 613] resulted in the proposal of a three-dimensional spatial model of relevance, which provides an integrated view of users' relevance judgements in relation to the applied type of relevance, the category of the relevance judgement (relevant/partially relevant/partially not relevant/not relevant), and time.
Three-valued relevance categories were applied in the meta-evaluation, with the possibility of analyses of further detail levels.
The concept of situational relevance
In our setting situational relevance is a user-centred, realistic, as well as dynamic measure of relevance. Situational relevance is understood as: ' … an assessment which points to the relationship between an information object presented to the user and the cognitive situation underlying the user's information need' [14, p. 227] .
The relevance judgements are thus not based on the request or query put to the system, but rather relate to the test person's requirements and mental state at the time of receiving the response for judgement. Further, the situational relevance is assessed continuously and interactively during session time as well as in a nonbinary way. These conditions ensure the relevance concept's multidimensional and dynamic nature.
The concept of situational relevance is not new [2] . What is new is the pragmatic platform for its use during the evaluation of IIR systems. The use of situational relevance is possible due to the introduction of the simulated work task situation, which functions as the platform against which situational relevance is judged. The introduction of the simulated work task situation seems to satisfy the experimental demands indicated by the relevance and the cognitive revolutions [1] . These are that relevance should be judged in relation to the need rather than the request, and that an information need should be acknowledged as individual and dynamic, the process of the need formation being a situation-driven phenomenon. By applying simulated work task situations the test persons can work with personal and individual information need interpretations, which can develop and mature over session time for the same test person. The dynamic nature of the information need formation is strongly connected to the dynamic nature of assessing relevance. By the application of simulated work task situations, non-binary relevance categories and situational relevance we achieve information behaviour by the test persons which imitates the information seeking and retrieval processes involved in the use of an IIR system. Schamber, Eisenberg and Nilan [3, p. 774] draw, based on their review of the relevance literature, the following conclusions on the nature of relevance and its role in information behaviour:
1. relevance is a multidimensional cognitive concept whose meaning is largely dependent on users' perceptions of information and their own information need situations; 2. relevance is a dynamic concept that depends on users' judgements of quality of the relationship between information and information need at a certain point in time; 3. relevance is a complex but systematic and measurable concept if approached conceptually and operationally from the user's perspective.
The first and second conclusions support our view of the application of both situational relevance and non-binary relevance assessments. In addition, the third conclusion supports the application of simulated work task situations by implying that, while the number of relevant documents retrieved is still a parameter to be measured, the relevance of a document is defined not solely by the topic of the user's query, but by how useful the information contained in the retrieved document is in relation to the information need and the underlying situation.
THE META-EVALUATION

Experimental conditions
This section reports on the meta-evaluation of the use of simulated work task situations. By meta-evaluation we mean evaluation of an evaluation component, in this case the work task sub-component. The meta-evaluation was carried out in spring 1998 at the Department of Computing Science of the University of Glasgow, Scotland.
The purpose of the meta-evaluation was to investigate whether or not the application of simulated work task situations could be recommended as a sub-component in the experimental setting intended for the evaluation of IIR systems. We were interested in learning about: (1) the possibility of substituting real information needs with simulated information needs through the application of simulated work task situations; (2) whether the sub-units of the simulated information need situations (sim-1 and sim-2) make any difference to the test persons' treatment of the simulated information needs, with reference to semantic openness (see Figure  2 for a definition and an overview of the two versions); and (3) what characterises a 'good' simulated work task situation in terms of how much the simulated work task situations ought to be tailored in order to be applicable to the test persons.
The test setting was a full-text online system applying TREC data (the Herald, and the Financial Times collections 5 ) and a probabilistic-based retrieval engine [37] . The search activities were logged, including the test persons' relevance scores for the retrieved documents. The test persons indicated the relevance scores by use of a slider 6 , which was incorporated into the interface and shown at the screen next to the title field and the field viewing the full-text documents. The simulated situations were mainly constructed on the basis of TREC-6 Interactive Topics, with one exception, sim A. The idea of sim A was borrowed from one of the four test persons who participated in the pilot study of the experimental setting of the experiment, prior to the actual meta-evaluation experiment.
Twenty-four university students volunteered as test persons for the experiment. The test persons (twenty male students, four female students) were from various academic fields and educational levels, e.g. computing, mathematics, geography, biochemistry, language, English history, psychology etc., and included undergraduate and graduate students.
The collected data consisted of twenty-four sets of responses to the questionnaires, 120 protocols of shorter verbal statements (i.e. the post-search interviews), and the 120 corresponding search transaction logs. Inference statistical tests, prior to the actual statistical tests, indicated no bias in the results due to the imbalance of the sample of test persons.
Experimental procedure
When the test persons signed up for the experiment they were asked to prepare a real information need, which they were to bring with them to the actual experiment. They were also asked to describe why and for what use the information need was relevant. The real information need had to be of personal interest and of importance to the test persons, while at the same time capable of being met by a newspaper full-text collection. Further, the test persons were informed that the time span of the applied data collection ran from January 1995 to May 1997. The test persons' participation in the experiment took place over two sessions. The experiment took three hours on average per test person. They were each paid £5 per hour, at the end of the second session. The test persons participated in the experiment one by one. The experiment consisted of the following six steps:
1. brief questionnaire as to the test person's searcher skills and experiences; 2. introduction to the experiment; 3. explanation of the test person's part (job) in the experiment; 4. demo of the retrieval system; 5. execution of six search tasks (one training, one real need, and four simulated situations); 6. brief post-search interview after each completed search task.
The test persons were instructed that their job was to retrieve as many useful documents as it would take to satisfy their information need, rather than to retrieve as many relevant documents as possible. The retrieval should stop when the need was satisfied, or when the test persons felt it was not possible to satisfy the information need from the actual newspaper collection. The evaluation was carried out with no time limitation during the evaluation process.
Each test person applied one personal information need and five simulated situations (simulated needs), of which one was for training purposes. During the experiment, the search tasks (including the test persons' search tasks based on their real information needs, but not the training task) were permuted between the test persons in such a way that none of the test persons carried out any of the search tasks in the same order. This was done to neutralise any effect on the results caused by increasing familiarity with the experiment. Results of the feasibility study [14] had revealed an indicative behavioural assessment pattern across the test persons involved, which also ought to be neutralised by the permutation of the search tasks [14] . Initial investigations on this phenomenon are reported on in [38] , but are however beyond the scope of this paper. The test persons assessed the usefulness of the retrieved documents, based on either the title or the full-text of the document. In addition, they indicated the degree of relevance of the assessed documents according to the categories of low, medium and high relevance. All the test persons applied both sim-1 and sim-2 versions. For an overview of the two sim-versions, see Figure 2 .
The sim-1 version consists of both a simulated work task situation and an indicative request. The sim-2 version consists of a simulated work task situation only -that makes this version semantically more open.
Two versions were used in order to discover whether the sub-units and the level of specificity of the simulated information need situations in any way influenced the searches. Furthermore, the five simulated situations were topically different 7 (sim A, B, C, D and training -see Figure 3 ). Different 'sims', and especially topically different 'sims', were applied in this setting. The intention was to learn firstly how specific or semantically open they had to be to express simulated information need situations, and secondly how much simulated work task situations ought to be tailored in order to be identifiable by and acceptable to the test persons. Version 1 (sim-1) Version 2 (sim-2) simulated work task situation simulated work task situation indicative request 7 The five different topics of the applied simulated situations are labelled: Sim A 'graduate, job seeking'; Sim B 'student job, wildlife extinction'; Sim C 'Arran, ferry safety'; Sim D 'burglary, crimes'; and Training sim 'party, Hubble Telescope'.
Research questions
It was of major importance to the proposed evaluation setting to gain knowledge about the functionality as well as about the consequences of the application of the sub-component, the simulated work task situation. The overall research question therefore was: how are the measurable retrieval outcome and seeking behaviour affected when different types of information needs (real and simulated information needs) are involved, and the structure and topical types of the underlying simulated situations are varied? More specifically we were interested in learning:
1. Can simulated information needs be substituted for real information needs? 2. What makes a 'good' simulated situation with reference to semantic openness and types of topics of the simulated situations?
The answer to the first research question would either reject or support the application of simulated situations as the trigger of simulated information needs, and thereby the entire foundation of the proposal of this experimental setting as an approach to the evaluation of IIR systems. If the answer was positive, we also wanted to know what characterised a well-functioning simulated situation. This would result in the second research question being applied.
Data analysis and results
We tried to answer the research questions with a mixture of inference statistical tests and qualitative descriptive analyses. We compared the test persons' treatment of the different types of information needs in relation to various attributes of search interaction. The test persons' treatment of their own real information needs was considered the baseline. By comparing the various search attributes we hoped to verify the characteristics of simulated situations and especially simulated work task situations, which might improve our understanding of the application of work tasks in relation to future evaluation of IIR systems. The search attributes, at task level, were: All the inference statistical tests (t-tests, two-tailed, level of significance of 5%) were carried out according to the following overall hypotheses and were measured in relation to each of the listed search attributes, one by one: H0: no difference exists between the two types of information needs; Ha: difference exists between the two types of information needs.
Research question 1. Can simulated information needs be substituted for real information needs?
The first research question was t-tested for differences between the test persons' behavioural treatment of their own real information needs versus the simulated information needs. The idea was that if no difference existed, one could correctly substitute real information needs with simulated information needs, through the application of simulated situations. Eight t-tests were carried out, one for each of the search attributes. All but one test revealed that there was no difference between the test persons' treatment of the real and the simulated information needs. However, the inference statistical test of the search attribute of search time spent per task led to the support of the alternative hypothesis which stated that a difference exists between real and simulated information needs. Descriptive results of the mean value of time spent per search task showed that the test persons spent seven minutes more on treating their own information needs than the simulated information needs. The result was probably due to the motivation of the test persons, combined with the possible fact that the test persons might have known their own information needs better. The test persons may have been more interested in treating their own information needs than the simulated information needs. This is in line with findings by Morita and Shinoda [39] who found that users spent more time reading articles of interest to them than articles which were of no interest to them. This result emphasises the importance of tailoring the simulated work task situations to the group of test persons, in order to arrive at simulated work task situations which the test persons will involve and engage themselves with. Additional t-tests carried out at a more detailed level revealed that the sim-2 version was the cause of difference in search time spent between the real and simulated information needs. More specifically, it was the sim-2 versions of sim C and D. Consequently, the overall conclusion which we drew, based on the t-test of difference between real and simulated information needs, was that no significant difference existed between the two main types of information needs. Based on this conclusion we inferred that: q one could substitute real information needs with simulated information needs through the application of simulated work task situations; and q one could mix simulated and real information needs.
The test persons' answers and comments in the post-search interviews supported the results and conclusions on the application of simulated situations/ simulated work task situations. The test persons were asked whether or not they found the simulated situations realistic: 87.5% answered 'yes' opposed to the 12.5% who answered 'no'. The high number of test persons who approved of the simulated situations confirmed why, in general, there was no difference in the treatment of the two basic types of information needs. In addition, we wish to point out that there was no correlation between the test persons who did not find the simulated situations realistic and those who, at the same time, were not able to retrieve documents that satisfied their information needs.
Research question 2. What makes a 'good' simulated situation with reference to semantic openness and types of topics of the simulated situations?
The supportive results and conclusions of the first research question made us want to investigate the characteristics of a well-functioning simulated situation. We started by carrying out t-tests of difference between the sim-1 version versus the real needs. Each of the eight tests resulted in the acceptance of the null hypothesis (H0), which stated that no difference exists between the information needs triggered by a simulated situation of the sim-1 version versus the test persons' treatment of their own real information needs. Similar tests, but this time with respect to the test persons' treatment of the sim-2 version of the simulated situations versus the real information needs, resulted in seven out of the eight cases in the acceptance of the null hypothesis. Only the t-test with reference to search time spent per search task led to the result of a difference between the two types of information needs. However, t-tests of difference between the sim-1 and the sim-2 versions found that no difference existed between these two versions. This indicated that the revealed difference between sim-2 and real information needs (as well as between sim and real) was insignificant. Based on this we concluded that none of the sim-versions was better than the other. Or put differently, when applying simulated situations to the evaluation of IIR systems it makes no difference to the test persons' treatment of the different sim-versions whether one makes use of the work task version which consists of both the 'simulated work task situation' and the 'indicative request' (sim-1) or just the 'simulated work task situation' (sim-2) which is semantically more open. This overall conclusion was supported by the replies from the test persons.
In the post-search interview the test persons were asked if it made any difference to them, whether they had had a sim-1 version or a sim-2 version: 29% replied 'yes' -it made a difference, and 71% said 'no' -it made no difference. This supported the inference statistical results of no differences between the real information needs and the two simulated versions. All the 'yes' answers were in favour of the indicative requests. Interestingly, the test persons explained their 'yes' differently. A few of the test persons said that the indicative requests made it easier to generate the queries as they picked the search terms from the indicative requests. One test person said it was helpful because the indicative request helped him understand what was expected from him. Others simply stated they preferred having both. Finally, one of the test persons said he did not use the indicative request in relation to the query formulation, but had found it useful when scanning for relevant information. This told us, though it was not statistically significant, that different types of applications were employed in relation to the sim-1 version. This indicated that the use of indicative requests can be constructively applied in combination with simulated work task situations.
The conclusion of these results was that the test persons' treatment of the two types of needs does not differ, whether they have had both the 'simulated situation' and the semantically narrower 'indicative request' (sim-1) or just the 'simulated situation' (sim-2) which is semantically more open. Further t-tests of the topically different sim A, B, C, and D versus real information needs were carried out with the purpose of identifying which of the sim A, B, C, and D had been treated most similarly to the real information needs. Briefly, the results can be summarised as follows: (1) no difference existed in the test persons' treatment of sim A and real needs; and (2) differences were revealed between sim B and real needs with reference to: (i) average number of search terms; (ii) number of unique search terms per test person; and (iii) search time spent. Differences were also revealed with reference to sim C versus the real information needs in regard to: (i) search time spent; and (ii) number of full-text based relevance assessments. Finally, no differences were verified between sim D and the real information needs. Statistically speaking, it looks as though sim A and D were equally good in engaging the test persons and motivating them to treat these simulated situations in ways close to the treatment of their own information needs. Sim B was presented as the worst or weakest of the simulated situations and sim C as the second worst. However, the descriptive qualitative data showed another pattern. When the test persons were asked which of the simulated work task situations they preferred, 79.2% voted sim A: ('graduate') as either their first or second preference: 41.7% voted the training task ('Hubble Telescope') as either their first or second preference. The simulated work task situations which the test persons liked least were sim D ('burglary') and sim C ('Arran'): 45.8% of the test persons did not like sim D, and 29.2% did not approve of sim C. One test person voted sim D as her first preference, but she had also recently been paid a visit by a burglar, she explained. Sim B ('student job') produced a rather neutral response from the test persons.
In this case the qualitative descriptive results overruled the inference statistical results and we concluded sim A was a good example of a simulated work task situation, which succeeded in motivating and engaging the test persons. This occurred because it was the test persons working with the simulated situations who presumably knew best. Further comments from the test persons uncovered three main characteristics of good simulated work task situations, namely: (1) the situation has to be one to which the test persons can relate and with which they can identify; (2) the topic of the situation has to be of interest to the group of test persons; and (3) the situation has to provide enough imaginative context in order for the test persons to be able to apply the situation. These characteristics are important in tailoring work task situations to the group of test persons.
SUMMARY AND CONCLUSIONS
Owing to the relevance, cognitive, and interactive revolutions [1] , a demand exists for hybrid evaluation approaches which combine two main approaches to the evaluation of interactive information retrieval (IIR) systems, the systemdriven and the cognitive user-centred approaches. The current demand is further illustrated by the interactive track of TREC as an example of an experimental design that is not well suited to the evaluation of IIR systems. In contrast, the proposed experimental setting satisfies this demand. The experimental setting is characterised by the three basic components described in Section 1.2. The essential reason for the employment of simulated work task situations in the evaluation of IIR systems is that the actual application of simulated work task situations, the involvement of test persons, and the assignment of multidimensional and dynamic relevance judgements make it possible to facilitate the evaluation in a way which is close to the actual information seeking and IR processes, though still in a relatively controlled evaluation environment, which is the exact aim of the proposed experimental setting. The application of simulated work task situations serves two main functions described in Section 4.1. In addition, the simulated work task situation provides experimental control by being identical for all the test persons, thus enabling comparisons of the test results to be made across systems and/or system components as well as across the group of test persons.
This paper reports also on the empirical results of the meta-evaluation of the subcomponent of the simulated work task situation. The purpose of the meta-evaluation was to verify whether the application of simulated situations/simulated work task situations could be recommended for future evaluation of IIR systems. In this paper we have tried to answer the two research questions outlined in Section 5.3.
We tried to discover whether there were any differences in the test persons' treatment of their own real information needs versus the simulated information needs. The research questions were answered with a combination of inference statistical tests (t-test, two-tailed, level of significance of 5%) and descriptive, qualitative analyses.
With reference to the first research question it was concluded that one could substitute real information needs with simulated information needs through the application of simulated work task situations; and that one could mix simulated and real information needs.
As for the second research question, it was concluded that it makes no difference to the test persons and their search behaviour whether the applied work tasks consist of both the 'simulated work task situation' and the more narrow 'indicative request' (sim-1) or just of the 'simulated work task situation' (sim-2) which is semantically more open. This conclusion was supported by comments from the test persons. These revealed three main characteristics of good simulated work task situations, described in Section 5.4.2. The characteristics confirmed that tailoring simulated work task situations to the group of test persons is a key issue in motivating them.
The overall conclusion was that the simulated work task situation as an experimental sub-component could be recommended for future evaluation of IIR systems. As such the experimental setting itself can, as we see it, be applied to both laboratory and operational evaluation settings.
